Lipid alterations during the fermentation of dill pickles. Appl. 1964.-Analyses of various lipid fractions of sections of cucumbers and of good and bloated dill pickles showed that marked changes occur in all lipid fractions during fermentation. The most striking difference noted was the decrease in the phospholipid fraction. A nearly fourfold increase in free fatty acid, as well as a marked increase in the neutral fat fatty acids and unsaponifiables, occurred. Gas chromatographic analyses of the methyl esters of fatty acids from the various lipid fractions yielded further interesting data. From the analyses, 41 esters were identified; however, 16 of the esters accounted for at least 95% of the acids. Among the marked changes were the increases in linoleic and linolenic acids in good pickles, in contrast to the increase in oleic acid in the bloated pickles. The presence of tridecenoic acid in cucumbers, and its absence in pickles; and the absence of caproic, caprylic, and capric acids in cucumbers, and its presence in pickles, were interesting. The data demonstrated that the lipid alterations that occur during fermentation of cucumbers are analogous to those previously reported for the sauerkraut fermentation.
During the fermentation of cucumbers, the conversion of their carbohydrates to acids, alcohol, and carbon dioxide by the lactic acid bacteria constitutes the most obvious change. It is reasonable to assume from the reports of Vorbeck et al. (1961a Vorbeck et al. ( , b, 1963 that alterations may also occur in the lipid constituents of the cucumber during fermentation.
The texture, flavor, and color of fermented dill pickles differ markedly from those of the flavored fresh pickles made from nonfermented cucumbers. It is assumed that changes among the nonsugar components are responsible, in large part, for these characteristics.
In the preparation of dill pickles, the larger-sized cucumbers are often used; therefore, bloating may be a serious problem. This cover them, and 11.5 lb (5.2 kg) of salt and 135 ml of a dill emulsion were added. A stainless-steel tube was inserted at the center of the barrel for withdrawal of brine samples for chemical and bacteriological analyses. The pickles were held below the surface of the brine by wedging a paraffined wood cover below the chime. A polyethylene cover containing salt brine was floated on the surface of the brine. Fermentation and cure were allowed to continue for 22 days outdoors, before the barrel was transferred to a cold room held at 1.7 C.
Analyses during fermentation. Samples of brine were withdrawn at intervals during fermentation to determine acidity, hydrogen-ion concentration, and salt concentration. Samples of brine were used also for bacteriological analyses, although this phase was not conducted in detail, as was done previously (Pederson and Albury, 1954) .
Samples for lipid extraction and analyses were prepared from fresh cucumbers and from fermented dill pickles. Because the skins, the flesh, and the locule areas, which contain the seeds, differ functionally, an attempt was made to separate the cucumbers and pickles into such parts. The parts were weighed and then dried by lyophilization in a Stokes freeze-dryer. From the dried materials, crude lipid was extracted with chloroformmethanol (2: 1) by the Wagenknecht (1957) 
.
The fatty acids from the various fractions were converted to their corresponding methyl esters by reaction with diazomethane. The esters were then identified by gas chromatography, as described by James and Martin (1956) , James (1959) , and Vorbeck et al. (1961a and Vorbeck et al. ( , 1963 .
RESULTS AND DISCUSSION
The fermentation was rapid, and was quite complete after 12 days. An acidity of 1.04% with a pH of 3.34 was attained in 14 days (Table 1) . At 22 days, the acidity of the brine had equalized to 1.00 %, an unusually high acidity for dill pickles. The salt content of the brine, 5.92 % after 1 day, dropped to 2.92% on the second day and then to a level of 2.83 % at 1 week. The brine temperature ranged from 21.1 to 29.4 C during the fermentation period. Under such conditions, the homofennentative species, Lactobacillus plantarum, was predominant. Approximately one-third of the pickles showed some degree of bloating, primarily a separation of locules, without pronounced collapse of locule tissue. The flesh of the bloated pickles was firm, but was less crisp than the flesh of the good pickles. The latter had a fairly firm, crisp texture and a desirable flavor.
In these comparatively large, mature cucumbers, the seed area which is naturally abundant in lipids comprised only 10 % of the weight of the cucumbers. The skin, with its comparatively dry, waxy coating, comprised about 25%, and the fleshy portions comprised 65% of the total weight of the raw cucumber. Obviously, these proportions will vary considerably with size and maturity of the fruit. The lipid content of the fleshy portions of the raw (Tables 2 and 3) . A greater than fivefold increase in free fatty acid, as well as a marked increase in neutral fat and unsaponifiables, occurred. In contrast, the phospholipid fraction decreased to less than 10% of the amount found in the cucumber.
The total decrease in the phospholipid fraction is not commensurate with the increase in free fatty acid, neutral fat, and unsaponifiables. This suggests that a synthesis of lipid material occurred during fermentation, a suggestion which calls for further confirmation. The amounts of free fatty acid and neutral fat were considerably higher in the seed area of good pickles than in their skin and flesh sections.
Marked lipid differences were noted between the good pickles and the bloated pickles. Most striking was the high total lipid obtained from the seed area of the bloated pickles. Free fatty acid in excess of 16% of the total weight of the pickle was noted, and the total lipid of all fractions combined accounted for almost 25 % of the total weight of this seed section. In a bloated pickle, the fleshy area is destroyed in large part, leaving the seeds as the main component. It may be noted also that the content of neutral fat fatty acids of the bloated pickles ranged from three to five and one-half times as high as that of the similar sections of the good pickles, and that the content of free fatty acid and unsaponifiables was higher in the skin and the seed sections of the bloated pickle. These sections also undergo the greatest physical alteration in bloating.
Gas chromatographic analyses of the methyl esters of the free fatty acids and the fatty acids from the neutral fat and phospholipid fractions yielded further interesting data. Although 41 esters were identified by the several analyses, the 16 listed in Table 4 usually accounted for 95 to 99.9% of the acids. A notable exception was the 8.6 mole % of C 18:4 acid (octadecatetraenoic acid) from the phospholipid of the flesh of the bloated pickles and the 8.0 mole % of C 19:1 acid (nonadecenoic acid) from the free fatty acid from the flesh of the good pickles. 
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Among the acids which were present in amounts greater striking. Furthermore, the absence of caproic and caprylic than 0.5 mole % in the various samples are C 14:0, C 15 acids and the almost total absence of capric and lauric iso, C 19:0, C 19:1, C 19:2, C 21:0, C 21:1, C 22:0, acids in cucumbers, in contrast to their presence in pickles, C 22:1, C 23:0, and C 24:1. All others present were in are noteworthy. Caprylic acid was particularly high lesser quantities. among the free fatty acids, notably in the skin of the The presence of tridecenoic acid in fractions of raw bloated pickles. It may be noted, furthermore, that, cucumbers and the lesser amounts or total absence in whereas linoleic and linolenic acids showed the greatest the various lipid fractions of these fermented pickles are increase in the good pickles, the oleic acid increased markedly in the free fatty acid and neutral fat fractions of the bloated pickles. In fact, the oleic acid accounted for 65 % of the total free fatty acid of the seed section of the bloated pickle, but less than 2 % of the seed section of the good pickles. These differences illustrate the metabolic changes occurring among lipid components during fermentation. Furthermore, the differences in the changes that occur between good stock and the inferior, bloated stock are indicative of differences among the individual cucumbers.
The marked decrease in the phospholipids during fermentation suggests their utilization by the bacteria in cell protoplasm. The assumed liberation of choline from the phospholipids accounts for the presence of acetyl-and lactyl-choline in fermented foods generally. This was noted by Gehlen (1932) and Keil and Kunz (1934) . The specific name, Bacterium acetylcholini, was applied by Keil and Weyrauch (1937) to the organism responsible for production of acetylcholine. The organism was shown to be a strain of L. plantarum by Stephenson and Rowatt (1947) and Rowatt (1948) .
In conclusion, it was established that hydrolytic alteration of the lipids occurs during the fermentation of cucumbers, and that it is analogous to that previously reported for the sauerkraut fermentation (Vorbeck et al., 1961a (Vorbeck et al., , b, 1963 . The lipid content of cucumbers and pickles is considerably greater than that of sauerkraut. The degree of hydrolysis is also greater than that observed in the sauerkraut fermentation.
The data suggest that the quality differences between good and bloated pickles are related, in part, to lipid metabolism. Quality differences may also be related to carbohydrate metabolism; however, because of the solubility of carbohydrate end products, any difference between good and bloated pickles in the same lot was not demonstrated.
